Abstract -From the perspective of global warming suppression and depletion of energy resources, renewable energy such as wind generation (WG), photovoltaic facility (PV) and fuel cell (FC) are getting attention in distribution systems. On the other hand, the usage of an all-electrification house is increasing in the world. So the controllable loads such as electric water heater, heat pump, and electric vehicles are introduced to the power system. In addition, the controllable load could accomplish to shift the peak demand in daytime to the low demand in nighttime and it is effective method for leveling the load and upgrading the load factor. The authors propose an optimization approach to determine operational planning of WG, PV facility, diesel generator (DG), battery energy storage system (BESS), FC and hydrogen generation facility. In this optimization approach, it is assumed that forecasted data of wind speed, solar insolated, and load demands are available. The proposed method uses tabu search and genetic algorithm for optimization method. Optimizing procedure is divided into two parts. Firstly, actual load is controlled by controllable load. Secondly, the schedule of diesel generator units commitment problem is decided in the revised load. The simulation results show the reduction of operational cost.
Introduction
The electric power generated by diesel generators (DGs) is supplied to load demand in isolated islands. However, the fuel cost for DGs are expensive because of fuel cost, transport cost, storage cost, and so on. Therefore, electricity producer should use an optimal operation of DG for high efficiency, as well as to reduce the operational cost and maximizes the profit.
In addition, from the perspective of global warming suppression and depletion of energy resources, renewable energies such as wind generation (WG) and photovoltaic generation (PV) are getting attention in distribution systems. Renewable energy is introduced to power systems and it becomes important to use the renewable power plant as much as possible. However, voltage fluctuations are caused by a rapid change of wind speed or solar insolation. Hence, system power balance becomes limited. In addition, allelectrification houses included PV facility will increase in near future. Hence, we are anxious about the output power fluctuations in an isolated power system. From now on, the countermeasure of isolated power system will become important. In order to solve this problem, establishment of storage battery, hydrogen generator (HG) and fuel cell (FC) are one of the countermeasures for smoothed power output of renewable power system.
In addition, the micro grid verification test introduced large renewable energy performs in isolated island. The controllable loads such as electric water heater, heat pump and electric vehicles could shift the high demand in daytime to the low demand in nighttime, and it is effective method for leveling the load and upgrading the load factor. Currently, smart grid research has become very popular in the world wide, which operates the over and under of power system in a coordinate manner. In fact, the introductory research of smart grid proposed to keep power balance by operating the power consumption of controllable loads.
However, large storage battery will be increase to the equipment cost and maintenance cost in isolated island power system. Hence, it is necessary to reduce the storage capacity of a storage battery as much as possible. Furthermore, the controllable loads such as heat pump and electric vehicles are considered to be a small quantity. Therefore, the range of controllable load is small. Therefore, hydrogen generator and fuel cell are introduced as new controllable load and distributed power system in the isolated island power system. We propose optimization approach to determine operational planning of WG, PV facility, DG, HG, FC and battery energy storage system (BESS). In this optimization approach, it is assumed that forecasted data of wind speed, solar insolated, and load demand is available. The proposed method uses tabu search and genetic algorithm for optimization method. Optimizing procedure is divided into two parts. The simulation results show the reduction of operational cost, and storage battery could reduce the storage capacity of a storage battery.
Detailed Formats of Manuscript
In this section, the configuration of assumed isolated island is described. Fig. 1 shows the power system model used in this paper. The power system has DGs, renewable energy plant such as wind farm (WF), PV facility, HG, FC, and storage battery which Table 1 shows these capacities. It is assumed that the maximum load demand is 1MW. The battery energy storage system and hydrogen tank storage energy are sated within the band margin of ± 20 % of rated MWh capacity as shown in Fig. 2 . Finally, it is assumed that photovoltaic and wind generators facility system operates with MPPT control. 
Optimization
In this section, the optimal operation of power system which minimizes the cost in isolated island is formulated. Objective function and constraints are described in Section 3.1, same as for the optimal methods where genetic algorithm and tubu search are described in Section 3.2.
Objective function
(1) Objective function:
Object function is used to0 minimize the operational cost which determined by the sum of fuel cost and ON/OFF cost of DG: (2) where, Table 2 described these parameter. In addition, Generated efficiency of DG, η i , is shown in Fig. 3. (2) Constraints :
(a) System power balance The summation of each unit power output from the DGs and renewable energy using of HG, FC, and BESS, should exactly satisfy the load demand for every hour. Thus the system power balance equation at hour t can be expressed as 
Optimization method
This paper determines the power consumption control of controllable loads, charge/discharge output of battery, DG units commitment schedule, and economic load dispatch. The proposed method uses tabu search (TS) and genetic algorithm (GA). The power consumption control of controllable loads is implemented in TS. GA is optimized as optimization problem that is the charge/discharge of BESS, DG units commitment schedule and economic load dispatch. The searching procedure of optimal method can be described as follows: (1) The initial search origin is determined, and the tabu list is formatted. Step 3, the neighborhood solutions are generated. (6) Input the forecast data of generated power data, the controllable load demand, the generated power of WF, the generated power of PV, use of HG, storage of FC, and the storage energy of BESS, respectively. Initial value at t = 0 s is also calculated with previously data. 
Simulation Results and Discussion
In this section, we describe simulation results and discussion to verify the effectiveness of the proposed optimal method. Simulation conditions are described in Section 4.1, and the results are discussed in Section 4.2
Simulation conditions
In this paper, it is assumed that wind speed, solar insolation, and load demand are forecasted in the small isolated island. The forecasted load demand is utilized as tool as for controllable load. The generated power fluctuation of WF depends on wind is assumed as random function. The generated power fluctuation of PV considers 3 types of solar insolation variations (sunny, cloudy, and rainy weather). The proposed method is simulated from the DGs, renewable power plants (WF and PV), HG, FC, and BESS supplies to the load demand. In addition, the conventional method is also simulated the same sources.
Simulation result
In this section, the simulation results with both the conventional and proposed method for controllable load are described. The simulation result of controllable load is shown in Fig. 5 where we can notice that the controllable load output power P re is maintained between P rmax and P rmin . Operational cost can be reduced if the controllable load stops each DGs unit. The summation of DGs output power is equal to the load demand. The controllable load as for the renewable energy power the generated power of PV and WF) are shown in Figs. 6-9(a). The deviation between the controllable load and the renewable power, the charge/discharge output of battery, and the power output of DG are shown in Fig. 6-9(b) . The power output of DG, and the state of charge of battery that are shown in Figs. 6-9(c), and (d) respectively. The generated power HG and FC, and state of charge H2 are shown in Figs. 8, 9(d), and (e).
In sunny weather conditions, high solar insolation is obtained. In Figs. 6 and 8, the DGs can be operated effectively with minimum units. In the rainy weather conditions, the solar insolation cannot be obtained. Hence, PVs cannot be supplied the load demand in power system. Meanwhile, DGs are started for a long time as compared with the case of sunny weather conditions. The proposed method is compared to with the conventional method. The operational costs to each solar insolation are shown in Table 3 . The operating cost can be reduced in proposed method compared conventional method. For this reason, since load demand changed by controllable load; HG, and FC, DG can operate constant output with higher efficiency. From this Table 3 , it can be said that the proposed method is able to reduce the operational cost which is less than that of than the conventional method. The operational cost of the proposed method can be reduced about 118,000 [¥] from the conventional method in the case of sunny weather conditions, and it can reduce about 56,000 [¥] in case of rainy weather conditions. Since HG and FC can be utilized effectively, the running time of DGs can be reduced and operational cost and storage capacitor can also be reduced.
Conclusion
This paper determines a optimal operation of smart grid in isolated island which has EV and all-electrification house as controllable loads, renewable energy systems (PV and WF), BESS, HG, FC, and DGs. Moreover, such sources may balance the supply-and-demand side in the near future. As for the optimization method, we used the tabu search and genetic algorithm. The tabu search method determines the operation at method of controllable loads within bandwidth based on controllable range, the genetic algorithm method determines to minimize the operational cost of optimal operation. In this paper, it is assumed that the forecasted power data such as WF, PV, and Load demand are available for 24 hour ahead. The objective function in this papers to reduce the operational cost and storage capacitor determining the DG units schedule for the controllable loads, HG, and FC. From the simulation results, it is found that that the proposed optimal algorithm can effectively achieves the operation in the isolated island power system. Especially, the operating cost could be decreases by high efficiently operation of DG units and implement an ON/OFF of DG units.
